The effects of dietary 1,3-diacylglycerol-rich oil (DG oil) on biochemical find ings related to glucose and lipid metabolisms were investigated in comparison with triacyl glycerol oil (TG oil) in normal rats. Young (7wk-old) and old (8mo-old) rats were fed a syn thetic diet containing 10% (by weight) DG or TG oil for 1, 4, 8, or 12wk. The body weights, epididymal and perirenal adipose tissue weights, and feed efficiency were not significantly different in the dietary oil groups during any feeding period. The plasma and liver triacyl glycerol concentrations were not different in the dietary groups, except that the plasma tria cylglycerol concentrations were rather lower only in the portal vein of rats fed DG oil. The plasma glucose and free fatty acid concentrations were significantly higher in rats fed DG oil as compared to TG oil. In the old rats fed DG oil for 8wk, the fasted plasma glucose and in sulin concentrations were elevated and glucose intolerance was observed. The insulin re ceptor expression was not different due to dietary oil, but was markedly reduced with aging. Thus, the anti-obesity and lipid-lowering effects of dietary DG oil were not found. Moreover, it appeared that the glucose intolerance might be induced by dietary DG oil, particularly in the old rats.
It has been reported that dietary diacylglycerol oil (DG oil) apparently suppresses fat accumulation as compared to triacylglycerol oil (TG oil) in humans and rats, and possibly reduces the risk of diseases associated with visceral fat obesity (1) (2) (3) (4) . Intragastric infusion of an emulsion containing DG oil reduced the serum tri acylglycerol levels as compared to TG oil infusion in rats and markedly elevated portal vein free fatty acid (1). 1 -Monoacylglycerols, rarely found in the digestion of TG oil in the intestine, were found in the digestion of DG oil. Energy values of the DG and TG oils measured by bomb calorimeter were very similar, and the apparent di gestibilities of the DG and TG oils were similar (96%) (5) . Thus, it was hypothesized that the reduction of fat accumulation by dietary DG oil is caused by different metabolic fates after absorption into the gastrointestinal epithelial cells. However, increased plasma free fatty acid concentra tions have commonly been associated with impaired in sulin-mediated glucose uptake and many insulin-resist ant states (6, 7) . Fatty acid-rich medium reduced in sulin receptor tyrosin kinase activity in rat hepatoma cells (8) . Dresner et al. (9) concluded that increased concentrations of plasma free fatty acids induce insulin resistance in humans through the inhibition of glucose transport activity. Therefore, extensive physiological and nutritional studies on DG oil are required before the synthetic oil can be recommended for use in daily diets.
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The synthetic oil product containing a high level of DG oil (55% 1,3-DG, 25% 1,2-DG, and 20% TG) (4) is now commercially available. Natural edible oil contains 1,2-DG and 1,3-DG as minor components. 1,2-DG is converted to 1,3-DG by acyl migration in edible oils (10) . 1,2-DG is an intermediate of triacylglycerol diges tion in the intestine. However, further studies on the health safety of DG oil (containing such a high level of DG, 80% in total) should be also investigated. Thus, we have investigated the effects of DG oil ingestion on glu cose and lipid metabolism as compared to TG oil; partic ularly, the influence of increased plasma free fatty acids on insulin resistance in rats. 
RESULTS

Animal profiles
The young and old rats (7wk-old and 8mo-old at the start of feeding experimental diets) were fed a DG or TG oil diet for 1, 4, 8, and 12wk. The body weights, liver weights/1 00g bw, epididymal and perirenal adipose tis sue weights/100g bw, and feed efficiency (g bw gain/100g food consumption) were not significantly different due to the dietary fat type at any feeding pe riod in the young and old rats. Therefore, data for rats fed the fat diets for 8wk only were shown in Table 1 . Spontaneous food consumption tended to be less in the DG group than in the TG group. However, the differ ences of average food consumption were controlled within 5% in the dietary oil groups. Effects of dietary fat types on plasma glucose and insulin concentrations
The plasma glucose concentrations were significantly higher in the portal vein and inferior versa cava of the DG oil groups of the young and old rats as compared to the TG oil groups (Fig. 1) . The glucose concentrations were more significantly elevated by DG oil in the portal vein than in the inferior vena cava. The glucose concen trations in the TG oil group were reduced with feeding period, whereas those in the DG oil were not. No effects of aging were observed. The plasma insulin concentra tions in the portal vein were not different in the young rats, but were significantly elevated by DG oil in the old rats. However, the insulin concentrations in the inferior vena cava did not show any difference due to dietary oil. The plasma insulin concentrations in both veins were higher in the old rats than in the young, particu larly in the portal vein. 8wk of feeding the DG or TG oil diets are shown in Fig.  4 . In the young rats, these concentrations were not sig nificantly different in the diets and the feeding periods.
In the old rats, however, the fasted glucose concentra tions were significantly higher after 8wk of feeding than after 4wk, and significantly higher in the rats fed DG oil diet than in those fed TG oil diet. The fasted in sulin concentrations were also higher in the rats fed DG oil diet after 8wk of feeding. The fasted triacylglycerol concentrations were significantly higher after 8wk of feeding than after 4wk, but not significantly different in both dietary oil groups. Effects of dietary fat types on insulin receptor mRNA ex pressions The relative mRNA abundances of insulin receptor in rat livers and epididymal adipose tissues were meas ured. The relative densities normalized to the values of 18S rRNA are shown in Fig. 5 . The relative mRNA abundances of insulin receptors in the livers and adi pose tissues were not significantly different in rats fed the DG and TG oil diets. However, the relative mRNA abundances of insulin receptors were reduced with feeding period, and in the old rats in comparison with the young rats.
Effects of dietary fat types on insulin binding to receptors
Insulin binding capacities to partially purified insulin receptors from livers and epididymal adipocytes of rats fed the DG oil and TG oil diets for 4wk are measured and shown in Table 3 . The insulin binding capacities to the insulin receptors from livers were significantly lower in the young and old rats fed DG oil than in those fed TG oil. However, the insulin binding capacities in adipose tissues were not different between the dietary oil groups. The insulin binding capacities in both liver and adipose tissues were significantly reduced in the old rats as compared to the young rats. On the other hand, the insulin binding affinities to receptors from the livers and adipocytes were not altered by dietary oil. The binding affinities in the old rats were reduced in the liver com pared with those in the young rats, but were not re- duced in the adipose tissues. DISCUSSION Mansbach et al. (33) reported that 41% of the mass was recovered in the thoracic lymph on duodenal infu sion of 3H-labeled glyceryl trioleate and 39% of the in fused dpm was calculated to be transported into the portal vein. A similar amount of triacylglycerols ap peared to be transported into the thoracic lymph and portal vein.
In the present study, the plasma triacylglycerol con centrations were significantly lower in the portal vein with dietary DG oil than with TG oil, and the plasma free fatty acid concentrations were significantly higher. In the inferior vena cava (after liver), however, the plasma triacylglycerol concentrations were not lower in rats fed DG oil any more, and the free fatty acid concen trations were still higher. Liver trtrrriacylglycerol concen trations also did not differ due to the dietary oil. The DG oil diet did not reduce the weights (per body weight) of epididymal and perirenal adipose tissue at any feeding period of 1-12wk. Thus, the dietary DG oil did not ap pear to affect the lipid lowering effects in the tissues.
However, watanabe et al. (1) reported that body fat ratio was significantly reduced in rats fed 10% (by weight) DG oil diet for 3 and 4wk as compared to TG oil diet. Further, intragastric infusion of an emulsion of DG oil reduced the serum triacylglycerol concentrations as compared to the TG oil infusion in rats. 1 -Monoacylglycerols, rarely seen in the digestion of TG oil in the intestine, were produced from DG oil and greater amounts of free fatty acids were transported into the portal vein after the administration of DG oil as com pared to TG oil. They hypothesized that the reduction of fat accumulation by dietary DG oil is caused by the dif ferent metabolic fates after absorption into the gastroin testinal epithelial cells. However, they did not demonstrate the effect of in creased fatty acids on the reduction of fat accumula tion. Moreover, the same group also reported that en ergy values of the DG oil and TG oil, measured by bomb calorimeter, were very similar and the apparent di gestibility of the DG oil and TG oil were similar (96%) (5). Thus, their group did not demonstrate the hypothe sis.
In the present experiment, however, such lipid-lower ing effects of DG oil were not found in rats fed a 10% (by weight, 22% by calories) DG oil diet for 1-12wk. They did not describe about paired-feeding between the DG and TG oil groups (1). As dietary energy and nutrient compositions greatly influence the lipid lowering ef fects, paired-feeding is important in this kind of experi ment.
They reported also that, in healthy males, body weight, body mass index, and waist circumference were decreased by the intake of 10g/d (4.9% DG oil of total calories) of DG oil for 16 wk as compared to the controls of TG oil (4) . Total fat, visceral fat area, and subcuta neous fat area of the abdominal traverse images of com puted tomography were also reduced by dietary DG oil.
Yamamoto et al. (34) reported that the serum concen trations of triacylglycerol and glycohemogloblin A1C were reduced by substituting DG oil (10g/d) for TG cooking oil for 12wk in diabetic subjects at the outpa tient clinic, whereas the glucose concentrations were not reduced. They did not show the serum free fatty acid and insulin concentrations.
The plasma free fatty acid concentrations were signifi cantly elevated by dietary DG oil as compared to TG oil in both the portal vein and inferior vena cava of the young and old rats. The free fatty acid concentrations were more elevated in the portal vein. Moreover, plasma concentrations of total ketone bodies in the inferior vena cava were also elevated by DG oil, particularly at 4 wk of feeding. It is suggested that the increased plasma free fatty acids due to dietary DG oil were trans ported to the liver via the hepatic portal vein and the capacity of free fatty acid oxidation in the liver was ex ceeded. We have found that insulin binding capacities to the insulin receptors from the liver were lower in rats fed DG oil than in those fed TG oil, whereas insulin receptor mRNA expressions were not significantly different. The elevated ambient free fatty acid levels are associated with impaired insulin cell surface binding to isolated hepatocytes, possibly through an effect of lipid oxida tion on the internalization/recycling of the insulin re ceptor complex (36 ) . Thus, the present results suggest that increased plasma free fatty acids in rats fed DG oil suppressed the insulin binding activities. The insulin binding activities and the receptor expressions were re duced in the old rats. It is suggested that insulin resist ance may be stimulated in the old rats.
It is well known that polyunsaturated fatty acids sup press fatty acid synthesis and then triacylglycerol levels. DG and TG oil used contained about 54% and 40% polyunsaturated fatty acids, respectively, as described in Materials and Methods. However, the difference of polyunsaturated fatty acid content in the 10% DG and TG oil diets did not affect the enzyme activities of acetyl CoA carboxylase and fatty acid synthase (shown in the results) and the plasma, liver triacylglycerol concentra tions (not shown but in Ref. 37) . Dietary polyunsatu rated fatty acids suppressed them in a dose-dependent manner at the lower levels of polyunsaturated fatty acids (37) . Therefore, the difference in polyunsaturated fatty acid percent of DG and TG oil is worth little consid eration in these present experiments.
Soni et al (38) reported that compared to the control (fed edible TG oil at 5.3%, by weight), there was a signif icant increase in the number of females fed DG oil at 5.3% with either benign or malignant epithelial mam mary gland neoplasms. However, they concluded that these changes were not considered biologically signifi cant, because the tumor incidence was not similar in two control groups (fed edible oil at 1.7% and 5.3%) and were not dose related. They did not note any other DG oil-related effects on clinical signs. However, a chronic study at higher DG oil and total fat levels in diets may be important for health safety.
Thus, the dietary DG oil did not reduce the body weights, epididymal and perirenal adipose tissue weights in both young and old rats in the present study. Neither did the DG oil reduce the plasma (except in por tal vein) and liver triacaccacylglycerol levels. The DG oil ele vated the plasma glucose and free fatty acid concentra tions as compared to TG oil in these rats. Particularly in the old rats, the DG oil elevated the fasted plasma glu cose and insulin concentrations after longer feeding, suggesting that glucose intolerance might be induced by dietary DG oil. It is generally accepted that there are several differences between human and rat in nutri tional response. Further studies on health safety of DG oil (containing such a high level of DG, 80% in total) should be investigated particularly in the case of consid erable amount ingestion of the DG oil as daily food in elderly humans with higher plasma glucose levels.
